ABSTRACT. The objective of this research was to study the factors that influence the test day milk yield (TDMY) and percentages of protein, fat, lactose, and total dry extract obtained on test day. We evaluated 110,732 weekly milk production records from 1496 goats and 19,271 monthly milk constituent records from 1245 Alpine and Saanen goats, which were collected from 1997 to 2010 in the goat sector at Universidade Federal de Viçosa. To ensure greater record reliability, only lactation data with kidding order between 1 to 6, type of kidding data including 0 to 3 kids, milk control years after 1997, and genetic groupings other than types 7 or 9 were considered, due to the relative lack of information recorded for some classes of these factors. Data in which the reported milk days were less than 7 or greater than 315 were also eliminated. Goats aged greater than 300 days at calving and those aged less than 6 years at control were considered in this study. Milk production was higher in the dry season in comparison to the rainy season. Genetic grouping did not influence all traits in both breedings. The TDMY tended to increase along with increasing age of the goats at kidding, while the opposite trend was observed relative to Factors that influence the test day milk yield and composition kidding order. Factors that significantly influenced all of the studied traits varied, and the factors that significantly influenced each trait were altered between the relationship of Alpine and Saanen breeds. Thus, the analysis of factors that influence traits to be evaluated in the herd under study is critical for defining the best evaluation model.
INTRODUCTION
Goat milk is an exceptional source of nutrients, which contains more calcium, phosphate, and potassium than cow milk, while containing less cholesterol. In addition, goat milk is associated with lower allergenicity than cow milk due to the lower proportion of the alpha S1 -casein protein sub-unit. However, despite these advantages, the overall goat milk yield is inferior to that of cow milk, according to data provided by Instituto Brasileiro de Geografia e Estatística (IBGE, 2007) . The main reason for this finding is that the cost of goat milk is 3 times greater than that of cow milk.
The principal approach for solving this issue is to reduce production costs. Genetic breeding is an important tool to achieve this goal, although only a few studies have been reported regarding dairy goats.
There are many studies in the literature regarding the choice of fixed effects to include in models evaluating accumulated milk yield (AMY), as described in the reports of Barbosa et al. (1999 ), Soares Filho et al. (2001 , Pereira et al. (2008b) , and Brito et al. (2009) . Nevertheless, studies evaluating test day milk yield (TDMY) or milk constituents on test day are rare.
Contents of milk constituents are important attributes for the milk industry, inasmuch as they are related to the quantity and quality of milk products. Although there is a relative lack of reports demonstrating that better prices are being paid for milk with higher fat or protein content, it is expected that these traits will benefit the milk industry in the future; by determining the economic value of traits, selection indexes for dairy goat breeding programs will be created. Thus, it is important that breeders contribute to this goal by estimating parameters and selecting the best evaluation models of specific traits, as the study of factors that influence genetic traits is crucial.
The study of factors influencing selectable traits is important for defining the model of genetic evaluation, designing breeding programs and for providing management practice recommendations.
During genetic evaluations, known sources of variations that are not corrected by using fixed effects may influence the residue, thus lowering the accuracy and precision of parameter estimates and the prediction of genetic values of the animals in question. On the other hand, if the inclusion of fixed effects is done improperly, it will contribute to the unnecessary loss of degrees of freedom of the residue, thereby reducing the precision of the results.
Fixed effects can be chosen before genetic evaluation by the general least squares method. Santana Júnior et al. (2008) evaluated the influence of non-genetic effects of kidding season-year (KS-KY), type of kidding (TK), kidding order (KO), control month, days in milk (DIM), and the age of the goat at kidding (AGK) on milk production and the percentages of the milk components. TK was the factor that did not influence milk production, indicating that the other aforementioned factors should be included in other models of TDMY evaluation.
The objective of this study was to identify factors that influence the TDMY and milk components on test day in Alpine and Saanen goats.
MATERIAL AND METHODS
We evaluated 110,732 weekly milk production records from 1496 goats and 19,271 monthly milk constituent records from 1245 Alpine and Saanen goats, which were collected from 1997 to 2010 in the goat sector at Universidade Federal de Viçosa (UFV, MG). The goats used in the experiment belonged to different Alpine and Saanen genetic groupings. The animals were raised in a free stall system and were fed corn silage-and hay-based diets (as roughage) in a concentrated mixture given according to their nutritional needs.
Milk controls were performed weekly in a milking machine, twice a day. The morning collection began at 6:00 am, and the afternoon collection began at 2:00 pm The TDMY values were derived from the sum of milk collected during both periods. Sample collection for analysis of milk components was conducted monthly, and the contents were analyzed at the Milk Quality Laboratory in the Departamento de Zootecnia at UFV.
The variables that were assessed and their respective classifications were as follows: kidding year (from 1997 to 2010); season (1 from March to September and 2 for the remaining months); KO (from 1 to 10); TK (from 0 to 4 kids); and genetic grouping (90% < Alpine = 1; 80% < Alpine ≤ 90% = 2; 70% < Alpine ≤ 80% = 3; 60% < Alpine ≤ 70% = 4; 50% < Alpine ≤ 60% = 5; 90% < Saanen = 6; 80% < Saanen ≤ 90% = 7; 70% < Saanen ≤ 80% = 8; and 60% < Saanen ≤ 70% = 9; 50% < Saanen ≤ 60% = 10). The continuous variables that were assessed included the AGK covariables (with linear and quadratic effects) and DIM (with linear, quadratic, and cubic effects).
To increase the reliability of the records, data were considered only for records that included lactation with KO between 1 to 6, TK data including 0 to 3 kids, control year higher than 1997, and genetic groupings other than 7 or 9, as little information was provided for some classes of these factors. We also eliminated data from goats whose DIM was less than 7 (colostrum period) and greater than 315, which is a high value to cover all time periods cited in relevant literature studies of goats. Data from goats with AGK higher than 300 days and the age of goat on test day (AGTD) lower than 6 years were included.
After including these restrictions, 80,486 TDMY records of 1200 goats and 13,351 records of each milk component of 994 goats were analyzed in the present study. This file was regarded as the complete file (CF). Two separate files were created from the CF, the first contained animals comprised of greater than 50% of the Alpine breed (A) and the other contained those comprised of greater than 50% of the Saanen breed (S). File A contained 50,347 TDMY records and 9971 records of each milk component, whereas file S contained 30,139 and 3380 records, respectively. The model used to test the influence of the aforementioned factors on the TDMY was as follows: where = observed value of the analyzed trait (TDMY and percentage of protein, fat, lactose, and total dry extract) in the n goat, i KO, j TK, k genetic grouping, l season, m year; = mean of the analyzed trait; = fixed effect of i KO; = fixed effect of j TK; = fixed effect of k genetic grouping; = fixed effect of l kidding season; = fixed effect of m kidding year; = effect of interaction between season and control year; and = linear and quadratic effects of the trait analyzed as a function of AGK; = mean age of the goat at kidding relative to n measurement; = mean age of the goat at kidding mean; , , and = linear, quadratic and cubic effects of the trait analyzed as a function of DIM;
= DIM during n measurement; = mean of DIM; and = residue. Table 1 presents the number of observations, means, standard deviation, and coefficients of variation for the TDMY and for the percentages of the milk components, protein, fat, lactose, and total dry extract. The presented values are within the acceptable values for dairy goats. The mean TDMY for Saanen goats was below 2.7 kg/day, as described by Tholon et al. (2001) , in the southeastern Brazil region. This indicates that higher values might be reached by improving the analyzed herd. The mean values of protein, fat, and lactose percentages were similar to those reported by Prata et al. (1998) , who worked with Saanen goats in southeastern Brazil; they obtained values of 3.27, 3.74, and 4.35%, respectively. SD = standard deviation; CV = coefficient of variation; A = Alpine breed; AS = Alpine and Saanen breed; S = Saanen breed; PRO = protein; FAT = fat; LAC = lactose; TDE = total dry extract. The scientific community tends to consider distinct breeds as different genetic entities and performs genetic evaluations separately, even when there are related animals among distinct breeds. This practice occurs because most farmers aim to maintain the breed pattern, which is noted in the pedigree records provided by goat farmer associations. In addition, joint evaluation may impair manufacturing and use of the majority of reproducers. However, some farmers may be interested in working with crossbred animals, which increases genetic variability of the herd and promotes genetic advantages such as heterosis. Therefore, our analyses of the Alpine and Saanen breeds were performed both jointly and separately. Table 2 presents the results of analysis of the factors [TK, KO, genetic grouping (GG), KS, KY, KS*KY, AGK, and DIM] that influence each of the assessed traits (TDMY, protein, fat, lactose, and total dry extract) for Alpine and Saanen goats, both jointly and separately analyzed.
RESULTS AND DISCUSSION
Many factors that may influence milk production were described by Barbosa et al. (1999) , and KY, KS, age of the cow at kidding, GG, length of the lactation period, and the bull are the most factors studied. Other factors such as calf sex, origin of the reproducer, variety of hair, and cause of the end of lactation are the least studied factors. In cattle, the sex of the offspring is the most studied factor. In goats, kidding with 2 to 3 kids occurs frequently, thus the TK is the most commonly studied factor, which corresponds to the number of animals born alive.
The length and cause of lactation end may be tested when accumulated milk production is analyzed, although these factors are not included when the TDMY is considered. Vasconcellos et al. (2003) , working with AMY in crossbred cattle, created a lactation length classification. However, including lactation length in the evaluation of our model may not be appropriate since the random relationship between these 2 traits may not exist; furthermore, both traits are influenced by the same factors, which should be included in the model.
Milk somatic cell count is an important indicator of milk quality and the health of the udders, and is a trait that is used by some companies for determining the milk payment. However, Pereira et al. (2008a) found heritability estimates for this trait equal to nil. Thus, milk somatic cell count will be reduced by improving management practices insofar as gains by genetic improvement are not expected; therefore, this trait was not included in the present study. Table 2 . Significance of analysis of variance for milk production traits on test day milk yield (TDMY) and milk components in relation to the fixed effects studied.
SY*YK = interaction between season of year and year of kidding; AGK = age of the goat at kidding; DIM = days in milk. For other abbreviations, see legend to Table 1 . *Significant at 5% probability; ns = non-significant.
Factors that influence the test day milk yield and composition Silva et al. (2009) found effects of breed (Toggenburg, crossbreeds, Alpine, Saanen, and American Alpine) and kidding year (2004 to 2008) on TDMY, although they did not find an effect because of the kidding order. Nevertheless, these results should be carefully regarded because of the small number of animals and a large variance among effect classes.
Other factors such as AGTD and the age of the goat in the herd may influence milk production on the TDMY; however, these factors were not evaluated since they explain the same variation of other factors that were jointly analyzed. AGTD cannot be used in the AMY analysis, but for TDMY, the variation of this factor may be explained by AGK and DIM, together. Variation of TDMY, as accounted for by age of the goat in the herd, can be compared to the variation due to AGK, DIM and the contemporaneous group.
Kidding order, AGK and AGTD presented influence overlapping on the traits analyzed, and it is not recommended to use more than one of these factors in the same analysis. Overall, it is expected that kidding order promotes less correction of non-genetic deviations in relation to AGK, which presents wider and more modulated correction capacity, in addition to being related to kidding order. It is also expected that AGTD is a better correction factor than AGK in the analysis of test day production, because in addition to representing age at kidding, this value is added to days in milk, which indicates the variations within lactation period. However, a better correction and contrast is expected by using lactation days, which is used as a test variable in random regression models. In this example, AGTD should not be used since it would impair analysis by correcting a part of the effect of the test variable. Table 2 shows the occurrences of alterations in the factors significantly influencing the studied traits in relation to Alpine and Saanen goats. This indicated problems in evaluating animals of both breeds together and that the fixed effects used in the evaluations of these 2 breeds were distinct.
Effects of KY and KS and their interaction were significant for all traits, showing that these effects should be included in the model. However, these effects may be combined, which may reduce multicolinearity of the incidence matrix for fixed effects in the genetic evaluations using mixed model methodology, while also reducing its dimension and the number of parameters to be estimated, thus facilitating the solving of the equation systems. The yearseason effect is associated with climate alterations and variations in the diets of the animals. According to Brito et al. (2009) , variation in rainfall between and in the studied years causes variations in the performance through seasonality of feed availability, both in qualitative and quantitative terms.
The creation of the variable year-season generally occurs according to the traditional calculation exemplified in Figure 1 , but in this system, there is the inconvenience that information collected in the rainy season at the beginning of a year is joined with the information collected in the rainy season at the end of the year. A season presents more specific characteristics than a year; thus, the years should be divided and not the seasons. In the alternative calculation, season is seen as a priority in relation to the year, as exemplified in Figure 1 .
Correlations among the traits analyzed are expressed in Table 3 ; for Alpine goats, above the main diagonal, and for Saanen goats, below the main diagonal. Overall, it can be noted that there were no differences of great magnitude among correlations, showing that the relationship among traits follows the same tendency in both breeds. Negative correlations between TDMY and contents of protein, fat, and total dry extract show that increased TDMY does not imply a proportional increase of all milk components with the occurrence of a dilution effect of some components in the milk causing reduction in the percentages. The high correlation between fat and total dry extract exists because fat is the largest and most variable component in the total dry extract thus a dependence relationship exists. Tables 4, 5, 6, and 7 present mean test results of the TDMY trait as a function of the factors of KO, TK, season of the year, control year and GG, respectively, by using the CF. The expressed results are interesting, since they help to increase our understanding of the herd and our understanding of the manner in which different factors affect production, in order to allow for better control of environmental variation. According to Ribeiro (1997) , the smallest milk yield occurs during the first lactation, which can increase until the goat reaches 4 or 5 years of age, corresponding to the third and fourth kiddings. This age-associated increase in milk yield can be attributed to the physiological growth that occurs up to adult life. Since younger animals' nutritional needs are directed to perform 3 functions, growth, lactation, and maintenance, the organic, digestive, cardiorespiratory capacities, and functioning of the mammary gland are completely developed in adult ani- Means followed by the same letters do not differ from each other by the Tukey test at 5% probability. Table 5 . Mean test of the best day milk yield in function of kidding type (TK) by using Alpine and Saanen breed file.
Means followed by the same letter do not differ from each other by the Tukey test at 5% probability. Table 6 . Mean test of the best day milk yield in function of the season by using Alpine and Saanen breed file.
Means differ statistically from each other at the level of 5% of significance by the F-test. Table 7 . Mean test of the best day milk yield in function of measurement year by using Alpine and Saanen breed file.
mals. In this phase, nutrition fuels the processes of maintenance, reproduction, and production (Carvalho et al., 2001 ). Nevertheless, the results found in this study diverge from this philosophy, and might be related to caprine arthritis-encephalitis, which sometimes afflicts animals in the herd analyzed; caprine arthritis-encephalitis disease is remedied by treating milk and separating the animals by age group. Artificial insemination practices, separation of goats in production phase according to lactation order, and milking young goats before others represent some of the practices that may reduce the incidence of this disease in a herd.
Although kids are separated from their nanny goats immediately after kidding, the effect of TK influenced all of the traits. The possible causes are linked to fetus development in contrast to hormonal stimulation, which varies according to the number of fetuses present. According to Sands and McDowell (1978) , TK may affect future milk production since it is related to the placental lactogen, progesterone, and prolactin hormones, which circulate during gestation, stimulate the mammary gland, and differ in quantity according to the type of gestation.
The greatest milk production of goats that did not kid any live offspring may be associated with the unneeded nutrition of the fetus at the initial stage of gestation, a period in which more nutrition is required for the goat, and partial uterine reabsorption of the fetus may occur. The phenomenon may also be associated with the fact that a 0 kidding gestation type occurs more frequently in primiparous goats, which presented greater milk production in this herd.
The season variable was created based on separating production records into 2 periods of the year, the rainy season and the dry season. According to pluviometric and temperature data for Viçosa, obtained by Rodrigues et al. (2010) , the best division would be from April to September for the dry season, and in the other months in the year for the rainy season. This division significantly influenced all traits, with the exception of lactose in Saanen goats.
As shown in Table 6 , milk production was highest in the dry season relative to the rainy season. This result may be linked to the greater occurrence of diseases such as mastitis and lymphadenitis in the rainy season due to the higher humidity and temperature, which favors pathogens. Barbosa et al. (1999) , working with AMY, also found higher results for milk production of goats that delivered kids in the dry season. Since the highest milk production occurs close to the kidding time and goats are more sensitive during the lactation peaks, it is believed that the reasons for the difference in milk production are the same.
The results obtained in the Table 7 indicate that breeding and herd management practices are not achieving satisfactory results. It should be noted that it is critical to develop more studies regarding genetic breeding of dairy goats.
Genetic grouping did not influence all of the traits in both breeds. Brito et al. (2009) found a significant genetic grouping effect only for fat percentage. The authors attributed the result to the fact that most animals were specialized on milk yield (Alpine and Saanen). Table 8 shows interesting results regarding heterosis of animals with a breed degree close to 3/4 Alpine and 9/16 Alpine, although these results should be treated carefully since they might be influenced by the numerous unbalanced factors acting on TDMY.
Table 8 also indicates that Alpine goats produced more milk than Saanen goats, contradicting most reports in the literature that describes Saanen goats as the most productive breed. Barbieri et al. (1990) found TDMY values of 2.3 and 1.6 kg/day for Saanen and Alpine goats, respectively, in the northeastern Brazil region. Soares Filho et al. (2001) reported TDMY values of 2.34, 2.01, and 1.7 kg/day for Saanen, Alpine, and Toggenburg goats, respectively, in Distrito Federal, Brazil. These results may be related to the genetic material of the acquired Alpine breed being better than that of the Saanen breed or to better adaptation of the Alpine breed to the local conditions. Means followed by the same letters do not differ from each other by the Tukey test at the level of 5% probability. AGK was not significant for all of the possible traits, as a portion of the variation occurred due to the KO. Data that were more concentrated in younger ages might also have influenced some of the results. Santana Júnior et al. (2008) and Tholon et al. (2001) believe that AGK did not influence the assessed traits due to the great number of primiparous goats making up their dataset. Pereira (2008b) provides a similar justification and states that concentrations of young goats (first and second kidding) in the herd would not allow for evidence of the AGK effect to be observed.
TDMY increased as AGK increased, and the opposite trend occurred in relation to KO, which is theoretically contradictory. This may be linked to problems of multicolinearity generated by the joint analysis of these factors, in which KO corrects part of the AGK effect. If longer intervals between kiddings reduce overuse of the animals, it also helps older goats to produce more milk in relation to younger goats for the same kidding order, inasmuch as this effect was also included in the model. There is a tendency of using AGK only in genetic evaluations of TDMY, while avoiding the use of KO. This is because AGK corrects effects of KO and variation within the same kidding order, which is caused by age variation. This choice reduces the size of the incidence matrix for fixed effects and may contribute to reduce its multicolinearity; therefore, it may contribute to the precision and accuracy of the genetic evaluation.
TDMY presented its production peak around 38 days after the beginning of lactation, with an inflection point at approximately 150 days. DIM represents one of the most important factors to consider when TDMY is analyzed, and must be included as a 3-degree covariable in TDMY evaluations in test day models. It is used as a control variable in random regression models and the degrees of this factor may present a significant effect by the least squares method together with the estimate of the model error, which indicates the most fitted degree for the fixed curve of random regression models by using orthogonal polynomials.
CONCLUSION
Various factors significantly influenced each assessed trait studied. The factors that significantly influenced each trait in relation to Alpine and Saanen goats varied as well. To perform a proper genetic evaluation, the assessed traits and the model of analysis should be accounted for as well as previously evaluated factors that influence the traits analyzed, which should be included as correction factors in the model.
